For use of readers who prefer to use metric (International System) units, rather than the inch-pound units used in this report, the following conversion factors may be used: High iron and manganese concentrations, although suitable for irrigation purposes, indicate that some treatment for iron and manganese removal might be desirable for drinking water use. Dissolved-solids concentrations in the alluvial aquifer ranged from 88 to 536 milligrams per liter with the higher concentrations occurring in the southern one-half of the study area. Of the pesticides tested for, none were detected in the alluvial aquifer.
The potential for widespread ground-water contamination in the study area is low because of the relatively impermeable clay and silt deposits of the alluvial confining unit that overlie the alluvial aquifer in most of, if not all, of the study area. Locally, however, potential contaminants could enter the aquifer from streams incised into and in hydraulic connection with the alluvial aquifer.
INTRODUCTION
Land in Lonoke County, Ark., has been intensively developed for agriculture and aquaculture (primarily minnows). Increased and prolonged use of pesticides and fertilizers associated with production of rice, soybeans, and cotton in this area potentially can affect shallow ground-water supplies that are used as sources of irrigation, aquaculture, public, and domestic supplies.
Concern over this potential for contamination prompted the U.S. Geological Survey (USGS), in cooperation with the Arkansas Department of Pollution Control and Ecology (ADPCE), to initiate a study of ground-water quality in 1988. In this study water samples were collected from irrigation, public, and domestic wells in central Lonoke County. This study is one of five investigations developed by the ADPCE to monitor ground-water quality in different geohydrologic and land-use settings.
Purpose and Scope
The purposes of this report are (1) to describe the quality of ground water in the alluvial aquifer of central Lonoke County, Ark., (2) to present the available data for the quality of water in the Sparta and Wilcox aquifers, and (3) to discuss the potential for ground-water contamination of the shallow aquifers from agricultural and aquacultural activities. Discussion of the potential for contamination of the shallow aquifers is necessarily preliminary because of the limited amount of available information.
Study Area Description
The study area comprises approximately 90 square miles (mi 2 ) in central Lonoke County, Ark. ( fig. 1) . Physi©graphically, the area lies within the Mississippi Alluvial Plain, which has minimal surface relief and slopes southward. Principal streams in the area include Bayou Two Prairie and Bayou Me to.
Approximately 50 percent of the study area is agricultural land used for production of rice, soybeans, and cotton. About 30 percent of the land is used for aquaculture, primarily minnow farming.
The remaining 20 percent includes the town of Lonoke and the woodlands that border the principal streams.
Quaternary alluvium and terrace deposits are present at the surface in the study area and extend to a depth of about 150 feet.
These deposits consist of an upper unit of silt and clay, and a basal unit of gravel and coarse sand. The basal gravel and sand constitute the alluvial aquifer and locally may be more than half the thickness of the alluvium and terrace deposits.
Beneath the alluvium and terrace deposits are approximately 2,000 feet of sediments of Tertiary age (table 1) . These formations consist of alternating beds of sand and clay that contain some silt and lignite. The Sparta Sand and Wilcox Group, which include the Sparta and Wilcox aquifers, thin northwesterly and subcrop beneath the alluvium in the study area. 
Methods of Investigation
The quality of ground water in central Lonoke County was determined by collecting and analyzing samples from selected wells throughout the study area.
Descriptions of the selected wells for which water-quality data are available are listed by site number in table 2. The locations of these wells are shown in figure 2. Water samples were obtained between 1946 and 1988 from 23 wells (14 irrigation wells, 5 domestic wells, 2 public supply wells, and 2 aquaculture wells). Sixteen of the samples were collected by the USGS and the ADPCE during the peak irrigation season (June through August) of 1988. Analyses of these samples for major inorganic constituents, nutrients, trace inorganic constituents, total organic carbon, and selected pesticides (including organochlorine compounds, organophosphorus insecticides, chlorophenoxy acid herbicides, and triazine herbicides) were performed by the ADPCE. Due to laboratory constraints some organic compounds including propanil, bentazon, fluometuron, norflurazon, MSMA, and cypermethrin, which are commonly used (upon at least 40 percent of acreage of the crop) in rice, soybeans, and cotton production (Waldrum, 1984; Waldrum, 1986; and J.D. Waldrum, Arkansas Cooperative Extension Service, written commun., 1989) were not analyzed for in this study.
The analyses followed procedures documented by ADPCE in their quality assurance plan (Arkansas Department of Pollution Control and Ecology, 1986) .
For quality-control purposes, a duplicate sample was analyzed by the USGS following procedures described by Skougstad and others (1979); Wood (1976); and Wershaw and others (1987) . Field measurements of temperature, pH, specific conductance, and alkalinity were completed according to techniques recommended by the USGS (U.S. Geological Survey, 1977) . The results of the analyses and historical data are listed by site number in tables 4 and 5 (at the end of report). 
AQUIFERS
The major water-bearing units pertinent to this investigation in descending order are the alluvial aquifer, the Sparta aquifer, and the Wilcox aquifer (table 1). The stratigraphic position of the alluvial, Sparta, and Wilcox aquifers in relation to other principal aquifers in the study area is shown in a hydrogeologic section through the study area ( fig. 3 ).
The alluvial aquifer is the most productive and important aquifer in the Mississippi Alluvial Plain with irrigation wells generally producing as much as 1,000 to 3,000 gallons per minute (gal/min). In the study area, the alluvial aquifer is approximately 50 to 150 feet thick and overlain by a confining unit consisting of 10 to 80 feet of clay and silt (table 1). Depth to water ranges from 60 to 100 feet below land surface (Plafcan and Remsing, 1989) . The alluvial aquifer is under artesian conditions where the water level in wells rises above the gravel and coarse sand into the clay and silt of the confining unit.
Recharge to the alluvial aquifer occurs by infiltration of water from streams and lakes that are in hydraulic connection with the aquifer.
Generally lesser amounts of recharge to the alluvial aquifer occur by percolation through the clay and silt. The amount of recharge through the clay and silt depends largely on thickness and permeability of these sediments. Both recharge and discharge occur between the alluvial aquifer and underlying formations of Tertiary age (Ackerman, 1989) . Discharge of water occurs primarily by withdrawal from wells and by natural seepage to streams and lakes. Ground-water movement generally is southeast towards a large cone of depression that has developed just southeast of the study area since pumping for rice irrigation began in 1904 (Plafcan and Remsing, 1989; Halberg and Reed, 1964) . Presently, the largest use of ground water in Lonoke County from the alluvial aquifer is for irrigation and aquaculture, with additional withdrawals in the study area for the city of Lonoke's public water supply (Holland, 1987) .
The Sparta aquifer is less than 300 feet thick (Petersen and others, 1985) and subcrops the alluvial aquifer throughout most of the study area ( fig. 3 ). Although the amount of water withdrawn from the Sparta aquifer in the study area is small, the aquifer is capable of yielding as much as 1,000 gal/min of water to wells. Water from the Sparta aquifer primarily is used for industrial purposes, however, in parts of Lonoke County some water from the aquifer is used for irrigation and aquaculture (Edds and Fitzpatrick, 1989) . Recharge to the Sparta aquifer occurs both in the subcrop areas and in the outcrop areas just southwest of the study area.
Recharge also may be derived from formations underlying the Sparta aquifer. Discharge of water occurs by withdrawal from wells and by natural discharge to adjacent geologic units.
Ground-water flow is south towards an area of large water withdrawals Just south of the study area. In the study area where the Sparta aquifer is relatively unstressed, gradients are 2 to 5 feet per mile (Ackerman, 1987) .
The Wilcox aquifer is less than 400 feet thick (Petersen and others, 1985) and subcrops the alluvial aquifer in the northwest corner of the study area ( fig. 3 ). In this area, the aquifer primarily is used as a source of domestic water supply.
Recharge to the Wilcox aquifer occurs both in the subcrop areas and in the outcrop areas just northwest of the study area. Water in the Wilcox aquifer generally moves southeast from the outcrop and subcrop areas. Ludwig, 1985) .
GROUND-WATER QUALITY Alluvial Aquifer
Twenty-one wells screened in the alluvial aquifer were sampled in the study area to quantify the quality of water. The inorganic and organic analyses of these samples are listed in tables 4 and 5, respectively. A statistical summary for selected water-quality properties is given in table 3. Means and standard deviations of data sets that contain nondetectable (below the detection limits) values were estimated using log-probability regression (Helsel and Cohn, 1988) . Mean and standard deviations are not reported when greater than 80 percent of the values were nondetectable.
Inorganic Constituents
A statistical summary for selected water-quality properties (table 3) indicates water from the alluvial aquifer is of acceptable quality for irrigation and, with treatment, for public supply. Wells in the study area yield a calcium bicarbonate water that is soft to very hard (Hem, 1985) with a median hardness concentration (as calcium carbonate) of 102 milligrams per liter (mg/L) (table 3).
The dissolved-solids concentrations ranged from 88 to 536 mg/L with a median concentration of 185 mg/L (table 3) . Although three samples exceeded the secondary maximum contaminant level for drinking water of 500 mg/L dissolved solids (U.S. Environmental Protection Agency, 1986b), dissolvedsolids concentrations in all the samples were below the limit of 1,000 mg/L commonly used to judge the suitability of water for irrigation. The dissolved-solids concentrations generally were higher in the southern part of the study area than in the northern part.
The median concentration of nitrate in water from the alluvial aquifer was 0.02 mg/L as nitrogen (table 3) , which is substantially less than the primary maximum contaminant level for drinking water of 10 mg/L as nitrogen (U.S. Environmental Protection Agency, 1986a). The highest nitrate concentration was 2.5 mg/L as nitrogen (table 4) . Because this particular sample came from a shallow domestic well (32 feet deep), a septic system or a surface source such as a feedlot could be a possible source of the slightly elevated nitrate concentration.
Iron and manganese concentrations exceeded secondary maximum contaminant levels for drinking water. Iron concentrations ranged from nondetectable to 20,000 micrograms per liter (jig/L) and generally were less than 5,000 jig/L (table 4) . However, iron concentrations in most of the samples exceeded the 300 jig/L secondary maximum contaminant level for drinking water (U.S. Environmental Protection Agency, 1986b). The median iron concentration was 1,900 p-g/L (table 3) . Manganese concentrations ranged from nondetectable to 1,400 jig/L with a median concentration of 480 jig/L (table 3). The recommended secondary maximum contaminant level for manganese in public water supplies in the United States is 50 ng/L (U.S. Environmental Protection Agency, 1986b). 
Organic Constituents
Fourteen ground-water samples collected from the alluvial aquifer during the peak irrigation season (June through August) of 1988 were analyzed for total organic carbon and 34 selected pesticides (including organochlorine compounds, organophosphorus insecticides, chlorophenoxy acid herbicides, and triazine herbicides). Total organic carbon concentrations ranged from 1.8 to 9.6 mg/L. No pesticides were detected at any of the sites (table 5).
Sparta and Wilcox Aquifers
Because deeper aquifers are less susceptible to surface contamination and very few wells in the study area penetrate the Sparta and Wilcox aquifers, only one sample from each aquifer was analyzed. The inorganic and organic analyses of these two samples are listed by aquifer in tables 4 and 5, respectively.
Inorganic Constituents
Water from the Sparta and Wilcox aquifers generally is suitable for drinking with little or no treatment. Limited data (one sample from each aquifer) make it impossible to characterize the overall water quality of the deeper Sparta and Wilcox aquifers throughout the study area. However, the water quality of the two samples collected (table 4) is characteristic of water from the Sparta and Wilcox aquifers as determined by regional investigations (Ludwig, 1985) .
With the exception of iron and manganese concentrations, available data indicate that water from the Sparta and Wilcox aquifers in the study area is of suitable quality for drinking. An iron concentration of 3,400 ng/L and manganese concentration of 250 jig/L from water of the Sparta aquifer (table 4) exceeded the secondary maximum contaminant level for drinking water of 300 jig/L and 50 |ig/L, respectively, indicating that some treatment for iron and manganese removal might be necessary.
Organic Constituents
One ground-water sample was collected during the peak irrigation season in 1988 from a well screened in the Sparta aquifer. This sample was analyzed for total organic carbon and 34 pesticides (table 5).
The sample contained 2.0 mg/L total organic carbon. No pesticides were detected in water from this well (table 5) .
POTENTIAL FOR GROUND-WATER CONTAMINATION
The potential for widespread ground-water contamination from the surface application of agricultural chemicals and fertilizers is considered to be low because of the relatively impermeable clay and silt deposits of the confining unit (table 1) that overlie the alluvial aquifer in most of the area. Extensive clay and silt deposits (10 to 80 feet thick) retard the vertical flow of water from the surface to the underlying alluvial aquifer. According to Bryant and others (1985) , the recharge potential is greater in the southern half of the study area where the clay and silt deposits are thinner than in the northern half. Therefore, the potential for contamination, although low, is greater in the southern half of the study area. Locally, however, the channels and bottoms of streams or lakes that fully penetrate the confining unit, and thus provide hydraulic connection with the alluvial aquifer, could provide a direct passageway for contaminants to enter the alluvial aquifer. Some streams in or near the study area do at times carry detectable concentrations of pesticides (Petersen, 1990 ).
The movement of any contaminants from the alluvial aquifer to deeper aquifers potentially could occur depending largely on the degree of hydraulic connection and the direction of the hydraulic gradient between the alluvial aquifer and deeper aquifers. Adequate hydraulic connection to allow for the movement of potential contaminants between the alluvial and Sparta aquifers exists because the Sparta Sand subcrops the alluvium in central Lonoke County (fig. 3) .
The direction of the hydraulic gradient between the two aquifers varies spatially depending largely on the amount of pumpage from the alluvial aquifer in a given area.
When the water level in the alluvial aquifer is above the water level in the Sparta aquifer the hydraulic gradient is downward and thus, contaminants entering the alluvial aquifer could move downward into the Sparta aquifer. Conversely, in areas of substantial drawdown where the water level in the alluvial aquifer is below the water level in the Sparta aquifer, the hydraulic gradient is upward and thus, contaminants reaching the alluvial aquifer would not migrate into the Sparta aquifer. Comparison of spring 1986 water levels in the alluvial and Sparta aquifers in the study area indicated that the hydraulic gradient is either upward or downward depending on location (Edds and Fitzpatrick, 1989; Plafcan and Remsing, 1989) .
Potential contaminants in the study area include pesticides and nitrates originating from agricultural practices. Landfills, septic systems, and an ammunitions plant (west of study area) are other possible sources of potential contamination.
SUMMARY
As part of an effort to monitor ground-water quality and to assess the potential for ground-water contamination on a statewide basis, ground-water quality was studied in central Lonoke County, an agricultural area with heavy pesticide and fertilizer use.
Ground water samples were collected from 21 wells in the alluvial aquifer and 1 well each in the Sparta aquifer and Wilcox aquifer and analyzed for physical properties, major inorganic constituents, nutrients, trace inorganic constituents, total organic carbon, and selected pesticides (including organochlorine compounds, organophosphorus insecticides, chlorophenoxy acid herbicides, and thiazine herbicides).
Water from the alluvial aquifer is of acceptable quality for irrigation and, with treatment, for public supply.
With the exception of iron and manganese, the water in the alluvial aquifer generally did not exceed U.S. Environmental Protection Agency primary and secondary maximum contaminant levels for drinking water. Median iron (1,900 jig/L) and manganese (480 jig/L) concentrations exceeded the secondary maximum contaminant level of 300 jig/L for iron and 50 jig/L for manganese indicating that some treatment for iron and manganese removal might be desirable for drinking water use. Dissolved-solids concentrations in the alluvial aquifer ranged from 88 to 536 mg/L with the higher concentrations generally occurring in the southern half of the study area. No pesticides were detected in water from the alluvial aquifer.
Although data from the Sparta and Wilcox aquifers were insufficient to characterize the overall water quality in the study area, the water quality of the two samples from these aquifers was similar to that described in regional investigations of the Sparta and Wilcox aquifers. With the exception of iron and manganese concentrations, available data indicate that water from the Sparta and Wilcox aquifers in the study area is of suitable quality for drinking. No pesticides were detected in the one water sample from the Sparta aquifer that was analyzed for organic compounds.
The potential for widespread ground-water contamination from the application of agricultural chemicals and fertilizers in the study area is low because of the relatively impermeable clay and silt deposits of the confining unit that overlies the alluvial aquifer in most of the study area. Locally, however, the channels and bottoms of streams or lakes that fully penetrate the confining unit, and thus provide hydraulic connection with the alluvial aquifer, could provide a direct passageway for contaminants to enter the alluvial aquifer.
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